Risk assessment is an integral part of the assessment of an investment project. Underestimating risks may lead to erroneous conclusions with negative impacts on the economy of the project. With regard to the level of investments and the time factor under mining company conditions, the issue of risk gains importance. The evaluation of existing practical experience shows that managers of mining companies more often approach to the risk assessment based on intuition, than through exact methods. The article is devoted to the risk assessment itself whose procedure is illustrated on a model example of assessing continuous and discontinuous alternatives of exploitation of loose overburden materials during large-scale coal mining operations in progress at pit quarries.
INTRODUCTION
Managerial decision-making is one of the most important activities performed by management members within their competences (Fotr, 2010) . The decision-making is the process of choosing the way which the manager and the organization entrusted to the manager will take. At the end of the decision-making process, there is a specific way, an option. Obviously, the greater the impacts of the decision, the greater the importance of the decision-making process. The complexity and difficulties related to the decision-making function consist This fact should necessarily lead to the need of the manager to specify, quantify and subsequently control the risks. However, findings from economic studies show the lack of integration of risks and uncertainties into investment decision-making process when any investment project risk analysis does not take place either at all, or in a very simplified form. As a result, wrong investment decisions could be made that threaten, in particular in the case of large-scale investment projects, prosperity and financial stability of firms implementing these projects (Fotr, 2007) .
Mining and mineral processing belong to such business sectors which require substantial investments in land, technology, infrastructure and other factors of production, without which miners are not able to exploit the mineral of interest. It is also the sector in which nature is an important influencing factor, because the shape of deposit, storage conditions, the amount and quality of commercial mineral, tectonic disturbances predispose the range of mining, used technology, and thus the amount of necessary investments. In connection with a deposit, it is known that the miner can recognize it only when he mined it out. This is further amplified by the fact that the management of a mining company work with a broader range of threats than the management of a company operating in another industry sector.
The extraction of a raw material from a certain deposit can take tens or hundreds of years. Changing the quarry name does not change the fact that the extraction takes place at the same deposit. The brown coal deposit in the Most Basin, where coal mining began in the 15th century for private purposes only, and since the 19th century the targeted industrial mining of this raw material has taken place here either by underground and surface mining methods, could be an example (Pokorná, 2000) .
For quarrying in small quarries, discontinuous mining technology was and still is used. In the Most Basin, a merge of several smaller quarries operating at a single deposit occurred in the early second half of the 20th century, allowing the deployment of more efficient technologies and the gradual commencement of transition from the discontinuous to giant-machine continuous technology. The reason for the massive deployment of this technology was the need of ensuring the mining of large volumes in the 80s of the last century. Other causes can be seen in the fact that the then Czechoslovakia was one of the world-powers in the production of this type of technology, and not least in the fact that the discontinuous technology has not reached the required performance parameters for a long time. Since the discontinuous technology now achieves these parameters, and the continuous technology is costing as for initial investment and overhaul costs, the issue of replacement of existing continuous technological exploitation of loose materials with a discontinuous alternative is discussed for a quite long time (Seidl et al, 2011 ).
The team of authors of the present article deals with the issue for a long time as well. The starting point of the work became an economic study (Seidl et al, 2011) which analysed the technological options and evaluated them in terms of investment decision-making. From this work, we know that the discontinuous technology is economically feasible. Another study (Vaněk et al , 2012 ) focused on the identification and evaluation of key threats associated with each of the technologies. It is directly followed by our article, as informal interviews conducted the authors with managers of mining companies indicated that although the managers know about risk management, they usually quantify risk intuitively on the basis of qualified studies.
This article aims at demonstrating the scientific risk assessment approach, and so suggesting the possibilities of its use in practice of managers of mining companies. The focus of the article then can be seen in the assessment of risk of technological alternatives for exploitation of loose overburden materials in the mass production of pit quarries.
METHODS AND MATERIALS
The issue of risk management is elaborated in many theoretical works. On conditions of the CR, the work by prof. Fotr and prof. Smejkal can be ranked among fundamental ones. The work of a team of prof. Mařík is important as well.
However, in the professional literature and in business practice there is some confusion about the very concept "risk". Smejkal sais to this: "If someone feels that, when discussing a risk, a confusion of terms occurs, one cannot but agree." It is due to the fact that the term "risk" is promiscuously used for both "a likelihood of event incidence" and "an impact of event incidence on a subject". This promiscuity can be prevented by mentally separating the force, event, activity, or person having an adverse effect on safety (threat), and the probability that an adverse event will occur (risk) (Smejkal, 2006) .
Risk assessment is the result of a comprehensive process which can be aggregated into four basic phases (Smejkal, 2006) Assets are meant to be the values that can be endangered by fulfilling the threats (Smejkal, 2006) . When carrying out the identification of threats, such threats are determined that affect the assets. Threats can be of an economic, technological, legislative, political and natural character. Threats caused by human factor are significant as well. Threats may affect the business, organization, project, person, or assets separately or they can interconnect and interact 1 (Vaněk et al, 2012 ).
To understand the threats and especially their mutual relationships, cognitive maps (CM) can be successfully used. The CM is a representation of the causal relationships that exist among the decision elements of a given object and/or problem, and describe experts' tacit knowledge. CMs are composed of (a) concept nodes (i.e., variables or factors) that represent the factors describing a target problem, (b) arrows that indicate causal relationships between two concept nodes, and (c) causality coefficients on each arrow that indicate the positive (or negative) strength with which a node affects another node (Kun, 2009 ).
The significance of threats is determined essentially in two ways, in particular in an expert manner, or by means of a sensitivity analysis. The expert assessment of the significance of threats consists in their professional evaluation by employees who have the necessary knowledge and experience in the areas to which individual threats fall. In case of the sensitivity analysis, it is determined what change of a criteria indicator will be initiated by a certain change in its direct influencing factor. (Fotr, 2005) .
The method of determining the risk depends on its nature and the purpose, for which the risk is quantified. Identifying business risks can be performed by using a modular method which is a comprehensive method of assessing the monitored sub-risks. The threat identified in previous steps and rated by a risk-level is then transferred to a risk premium. (Ošatka, 2004) . This is a method that does not derive the risk, or the risk premium from the capital market, but determines it as the sum of the partial risk premiums being determined for a group of business and financial threats (Mařík, 2011 ).
In the event that the risk of a project is determined, statistical characteristics (variance, standard deviation, coefficient of variation) or managerial characteristics (robustness, flexibility) can be successfully used (Fotr, 2005) .
By reason that the assessed technological alternatives of exploitation of overburden materials can be seen as projects, the approach of risk quantification through statistical characteristics was chosen.
The prerequisite for the use of statistical characteristics is the knowledge of probability distribution of an evaluation criterion, which may be e.g. a net present value (Fotr, 2005) . To determine the probability distribution, scenarios were used while working with the discrete nature of threats.
The scenarios are usually regarded as mutually consistent combinations of values of major threats. Each scenario thus represents a different future development of the evaluation criterion. In the event of two or more threats, probability trees in a form of graphs formed by situational nodes and edges are a useful tool for displaying scenarios. The probability of each scenario is the result of the product of the probabilities of values of considered threats which is based either on the numerical values of the past or on the experience of experts (Fotr, 2005) . The mean value of NPV is then:
The coefficient of variation is determined as follows:
The determination of threatened assets is one of the starting points of risk quantification. The overview of the assets considered in the model coal pit quarry in prices of the year 2012 is shown in Tab. 1. Since the continuous technology is supplied by domestic manufacturers, the prices are listed only in CZK. 
Tab. 1 Threatened assets

RESULTS
These results can be understood as a recommended decision with the consideration of accurate risk assessment.
The study aimed at determining the significance of threats (Vaněk, 2012) showed that in case of continuous technology the following key threats were identified: capital expenditure, energy consumption, repairs and related services, and in case of discontinuous technology: costs of services -repairs, fuel and capital expenditure.
The starting points for creating scenarios are foreseen value statuses of major threats and the probabilities of the occurrence of the statuses. The bases for quantifying were the results of a panel discussion with experts on the issue. The discussion results are summarized in Tabs. 2 and 3.
Tab. 2 Input data for continuous technology
Threat Since the significance of threats was determined by analysing the sensitivity of NPV, the net present value at the same time became the evaluation criterion. In order to determine the probability distribution of NPV, 27 alternative scenarios were created for each technology, resulted from the combination of the statuses of major threats, see Tab. 2 and 3. In total 54 scenarios were created.
When calculating the NPV, the values of discount rate of 8 % were used. In the publication (Fotr, 2005) , the value is recommended for the renewal of existing technology (the case of continuous technology). For the introduction of new machinery, which corresponds to the deployment of discontinuous technology instead of continuous one, the publication (Fotr, Souček) recommends to use a rate of 10 % which reflects the increased risk for standard projects. Due to the specific way of spending capital expenditures and non-standard monetary revenues of the surveyed project, the use of the higher discount rate induces a decrease in the resulting net present value, which makes the criterion indicator of the more risky project more advantageous. Therefore, the uniform above mentioned discount rate of 8 % was used. Tab. 4 shows the value of NPV for each scenario of relevant transport technology and the resulting probability of the scenario.
Tab. 4 NPV scenarios and their probability
Continuous The value of the coefficient of variation is higher in the discontinuous technology, but only by 0.0084. This difference is negligible, therefore both technological alternatives can be considered equivalent in terms of risk.
DISCUSSION
The authors do not conceal that the result achieved by the risk analysis is a certain surprise for them. However, the result is based on the relevant bases, therefore there is no choice but to accept it.
A certain pitfall of the risk analysis is that the quantification of major threats is usually based on expert estimates, so it is necessary to pay due attention to the selection of experts. This is the only way how to ensure the bases for determining the risk of a project to be valid.
For the management of the mining enterprise that intends to replace the continuous technology with the discontinuous technology, the result is crucial in that the risk does not disqualify any of the alternatives and the management can focus in decision-making entirely on technical and economic issues.
NPV suggests which technology of exploitation of loose overburden materials in the model example of a coal pit quarry is economically advantageous for miners. Since the NPV method was applied to the process that does not generate revenues, the net present value takes negative values. Therefore, it is recommended to implement the one of the two technologies for which the NPV takes a value closer to zero. In our case it is the discontinuous technology.
CONCLUSION
The complexity of managerial decision-making lies among other things in that managers are fully responsible for their decisions. It is therefore up to them on which kind of decision-making methods and forms they ground their decisions.
Pitfalls of decision-making that is based solely on intuition and experience can be seen in a minor strength of arguments. However, if the manager will rely on exact and heuristic approaches, not only the persuasiveness of his arguments will increase, but also the quality of the resulting decisions. This quality can be crucial for achievements of the manager in the management of a project, a company (institution), or its organizational units.
In the comprehensive assessment of an investment plan, it is also necessary to evaluate the risks associated with the project. Especially, when the manager (management) decides on a project that requires high investment costs and potential long life.
To these criteria, a series of projects implemented in the extraction and processing of raw materials corresponds as well. These include, among others, the restoration project of technological equipment deployed in the large-scale mining of loose overburden materials taking place at coal pit mines. The project became a model example of the application of risk management in terms of a mining company, within which the risks of existing continuous and discontinuous solution alternatives were assessed.
The discontinuous technological solution requires lower initial investments. It is also flexible in time. It would thus appear that this alternative is less risky as well. However, it is apparent from the results of the risk analysis presented in this paper that both assessed technologies are in principle equivalent in terms of the level of risk. Thus, the investment decision made on the basis of intuitive risk assessment can be misleading, if not completely wrong. With regard to economic aspects and the NPV value, the management of a (model) mining company could be recommended to change to the discontinuous technology as a better alternative.
